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(54) Process for producing semiconductor substrate 



(57) A process for producing a semicorxJuctor sub- 
strate is provided which comprises a first step of anodiz- 
ing a surface of a first substrate to form a porous layer 
on the surface, a second step of simultaneously forming 
a semiconductor layer on the surface of the porous layer 
and a semiconductor layer on a surface of the first sub- 
strate on its side opposite to the porous layer side, a 
third step of bonding the surface of the semiconductor 
layer formed on the surface of the porous layer, to a sur- 
face of a second substrate, and a fourth step of separat- 
ing the first substrate and the second substrate at the 
part of the porous layer to transfer to the second sub- 
strate the semiconductor layer formed on the surface of 
the porous layer, thereby providing the semiconductor 
layer on the surface of the second sui^trate. This 
makes it possible to produce semiconductor sut)strates 
at a low cost while making good use of expensive sub- 
strate materials. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a process for producing a 
semiconductor substrate, and more particularly to a 
process for producing semiconductor substrates which 
are low-cost substrates having thin film crystal layers 
formed thereon arxJ preferably usable especially as 
substrates for solar cells. 

Related Background Art 

As drive energy sources for various instruments or 
as power sources systematically connected with com- 
mercial electric power, solar ceils have already been 
widely studied and de\/eioped. In the fabrication of such 
solar cells, because of a demand for lower cost it is 
sought to form semiconductor devices on substrates 
which are as low as possible in cost. 

Meanwhile, as semiconductors constituting the 
solar celts, silicon is commonly used. In particular, from 
the viewpoint of the efficiency of converting light energy 
into photovoltaic force (i.e., photoelectric conversion 
efficiency), single crystal silicon is the best. However, 
from the viewpoint of achieving large area and low cost, 
amorphous silicon is considered advantageous. 

In recent years, for the purposes of cost reduction 
comparable to amorphous silicon and high photoelec- 
tric conversion efficiency comparable to single crystals, 
use of polycrystaltine silicon is on study. 

However, in such single aystal silicon and poly- 
crystalline silicon, processes conventionally proposed 
require slicing bulk crystals into plate-like substrates, 
and hence it has been difficult for them to have a thick- 
ness of 0.3 mm or smaller. Thus, the substrates 
obtained by slicing bulk aystals in this way conse- 
quently have a larger thickness than is necessary for 
absorbing light in a sufficient amount, and can not be 
said to be completely effectively utilized as substrate 
materials. Namely, in order to make semiconductor 
devices such as solar cells lower in cost, the substrate 
must be made much thinner. 

Recently, a method is proposed in which a silicon 
sheet is formed by a spin process carried out by casting 
droplets of molten silicon into a mokJ. The substrates 
thus obtained, however, are about 0.1 mm to about 0.2 
mm thick at the smallest, and are still not made suffi- 
ciently thin, corrpared with the thickness (20 |im to 50 
Mm) necessary and suff k:ient for the absorption of light. 

Under such circumstances, an attempt is proposed 
in which thin film epitaxial layers grown on single crystal 
silicon substrates are separated (peeled) from the sub- 
strates and the peeled films are used in solar cells so 
that a high photoelectric conversion efficiency and a low 
cost can be achieved (Milnes. A.G. and Feucht, D.L., 



"Peeled Film Technology Solar Cells". IEEE Photo- 
voltaic Specialist Conference, p.338, 1975). 

In this method, however, an intermediate SiGe layer 
must be put between the substrate of single crystal sili- 
5 con and the growing epitaxial layer, followed by hete- 
roeprtaxial growth in that state, and further the grown 
layer must be peeled by selectively fusing this interme- 
diate layer. In general, in the heteroepitaxial growth, a 
difference in lattice constant tends to cause defects or 
10 imperfections at growth boundaries. Also, in view of the 
use of different kinds of materials, this can not be sakl to 
be advantageous in process cost. 

Thin, crystal solar cells are also obtained by a proc- 
ess disclosed in U.S. Patent No. 4.816.420, I.e.. a solar- 
ia cell fabrication process characterized by forming a 
sheet-like crystal by selective epitaxial growth, or lateral 
growth, carried out on a crystal substrate through a 
mask material, and thereafter separating the resultant 
crystal from the substrate. 
so In this process, however, openings provided in the 
mask material are line-shaped. In order to separate the 
sheet-like crystal grown from the line seeds by selective 
epitaxial growth or by lateral growth, the cleavage of 
aystals is utilized to mechanically peel it. Hence, if the 
25 line seeds have larger shape than a certain size, they 
come in contact with the substrate in so large an area 
that the sheet-like crystal may be broken when it is 
being peeled. 

Especially when solar cells are made to have large 
30 area, however nan-ow width the line seeds have (about 
1 ^im in practice), it is difficult in practice to obtain the 
desired semiconductor substrate if they have a line 
length of several mm to several cm or a size larger than 
that. 

35 Under such circumstances, it is proposed to form a 
porous silicon layer on the surface of a silicon wafer by 
anodization, thereafter separate it from the wafer sur- 
face, fix the separated porous layer onto a metal sub- 
strate, form an epitaxial layer on the porous layer, and, 

40 using the epitaxial layer thus formed, produce a thin film 
crystal solar cell that exhibits good characteristics (see 
Japanese Patent Application Laid-Open No. 6-45622). 

Japanese Patent Application Laid-open No. 8- 
213645 also discloses that a porous silicon layer is 

45 formed on a silicon wafer, a thin film silicon layer is 
grown on the porous layer, and thereafter the grown thin 
film silicon layer and the silicon wafer are separated 
from the porous silicon layer so as for the former to be 
used to form a solar cell, and also, a residue of the 

50 porous silicon layer is removed from the silicon wafer 
from which the thin film silicon layer has been sepa- 
rated, and thereafter the resultant silicon wafer is 
reused so as to achieve a cost reduction. 

In these processes, however, the thickness of the 

55 silicon wafer deaeases with an increase in times of 
reuse, thus the silicon wafer becomes difficult to handle 
and there is a limit to the times of reuse. Hence, in this 
case too, it is diff teult to say that the materials are well 
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effectively utilized. 

SUMMARY OF THE INVENTION 

The present invention was made taking accx)unt of s 
the above circumstances. Accordingly, an object of the 
present invention is to provide a process by which a 
semiconductor substrate having characteristics good 
enough to constitute a thin film crystal solar cell can be 
produced at a low cost while making good use of mate- 
rials. 

The present invention provides a process for pro- 
ducing a semiconductor sut^strate, comprising a first 
step of anodizing a surface of a first substrate to form a 
porous layer on the surface; a second step of simultane- 
ously forming a semiconductor layer on the surface of 
the porous layer and a semiconductor layer on a surface 
of the first substrate on its side opposite to the porous 
layer side; a third step of bonding the surface of the 
semiconductor layer formed on the surface of the 
porous layer, to a surface of a second substrate; and a 
fourth step of separating the first substrate and the sec- 
ond substrate at the part of the porous layer to transfer 
to the second substrate the semiconductor layer formed 
on the surface of the porous layer, thereby providing the 
semiconductor layer on the surface of the second sub- 
strate. 

The present invention also provides a process for 
producing a semiconductor substrate, comprising: 

a first routine comprising a first step of anodizing a 
surface of a first substrate to form a porous layer on 
the surface; a second step of simultaneously form- 
ing a semiconductor layer on the surface of the 
porous layer and a semiconductor layer on a sur- 
face of the first substrate on its side opposite to the 
porous layer side; a third step of bonding the sur- 
face of the semiconductor layer formed on the sur- 
face, of the porous layer, to a surface of a second 
substrate; a fourth step of separating the first sub- 
strate and the second substrate at the part of the 
porous layer to transfer to the second substrate the 
semiconductor layer formed on the surface of the 
porous layer; and a fifth step of removing a residue 
of the porous layer, left on the surface of the first 
substrate as a result of the separation; and 
a second routine corrprising a first step of anodiz- 
ing a surface of a first substrate to form a porous 
layer on the surface; a second step of forming a 
semiconductor layer only on the surface of the 
porous layer; a third step of bonding the surface of 
the semiconductor layer formed on the surface of 
the porous layer, to a surface of a second substrate; 
a fourth step of separating the first sut>strate and 
the second substrate at the part of the porous layer 
to transfer to the second substrate the semiconduc- 
tor layer formed on the surface of the porous layer; 
and a fifth step of removing a residue of the porous 



layer left on the surface of the first substrate as a 
result of the separation; 

the first and second routines being repeated at 
least once to provide the semiconductor layers on 
the surfaces of a plurality of second substrates by 
use of the same first substrate. 

The present invention further provides a process for 
producing a semiconductor substrate, comprising a first 
step of anodizing a surface of a first substrate to form a 
porous layer on the surface; a second step of simultane- 
ously forming a semiconductor layer on the surface of 
the porous layer and a semiconductor layer on a surface 
of the first substrate on its side opposite to the porous 
layer side; a third step of fixing the surface of the semi- 
conductor layer formed on the surface of the porous 
layer and a surface of a provisional substrate; a fourth 
step of separating the first sufc^trate and the semicon- 
ductor layer formed on the surface of the porous layer at 
the part of the porous layer to make the provisional sub- 
strate hold the semiconductor layer formed on the sur- 
face of the porous layer; and a fifth step of transferring 
from the provisional substrate to a second substrate the 
semiconductor layer held on the provisional substrate, 
thereby providing the semiconductor layer on the sur- 
face of the second sut>strate. 

The present invention still further provides a proc- 
ess for producing a semiconductor substrate, compris- 
ing: 

a first routine comprising a first step of anodizing a 
surface of a first substrate to form a porous layer on 
the surface; a second step of simultaneously form- 
ing a semiconductor layer on the surface of the 
porous layer and a semiconductor layer on a sur- 
face of the first substrate on its side opposite to the 
porous layer side; a third step of fixing the surface 
of the semiconductor layer formed on the surface of 
the porous layer and a surface of a provisional sub- 
strata; a fourth step of separating the first substrate 
and the semiconductor layer formed on the surface 
of the porous layer at the part of the porous layer to 
make the provisional substrate hold the semicon- 
ductor layer formed on the surface of the porous 
layer; a fifth step of transferring from the provisional 
substrate to a second substrate the semiconductor 
layer held on the provisional sut>5trate; and a sixth 
step of removing a residue of the porous layer, left 
on the surface of the first substrate as a result of the 
separation; and 

a second routine comprising a first step of anodiz- 
ing a surface of a first substrate to form a poroi^ 
layer on the surface; a second step of forming a 
semiconductor layer only on the surface of the 
porous layer; a third step of fixing the surface of the 
semiconductor layer formed on the surface of the 
porous layer and a surface of a provisional sub- 
strate; a fourth step of separating the first substrate 
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and the semiconductor layer formed on the surface 
of the porous layer at the part of the porous layer to 
make the provisional substrate hold the semicon- 
ductor layer formed on the surface of the porous 
layer: a fifth step of transferring from the provisional 
substrate to a second substrate the semiconductor 
layer held on the provisional substrate; and a sixth 
step of removing a residue of the porous layer, left 
on the surface of the first substrate as a result of the 
separation; 

the first and second routines being repeated at 
least once to provide the semiconductor layers on 
the surfaces of a plurality of secorxl substrates by 
use of the same first substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

ngs. 1A. 1B, 1C. 1D, IE. IF. IGand 1H are a flow 
sheet diagrammatically illustrating an example of the 
process for producing a semiconductor substrate 
according to the present invention. 

Rg. 2 is a graph diagrammatically illustrating the 
principle of liquid phase growth. 

Rgs. 3A. 38. SC. 3D. 3E and 3F are a flow sheet 
diagrammatically illustrating a process for producing a 
semiconductor substrate, carried out in Experiment 1 . 

Rg. 4 is a schematic plan view diagrammatically 
illustrating a substrate holder used in liquid phase 
growth to examine the relationship between substrate 
distance and layer thickness in Experiment 2. 

Rg. 5 is a graph showing the relationship between 
substrate distance and layer thickness, obtained in 
Experiment 2. 

Rg. 6 is a schematic plan view diagrammatically 
illustrating a substrate holder for liquid phase growth 
used in Experiment 3 to deposit films with different 
thickness on both sides of one substrate. 

Rgs. 7A. 78. 7C. 7D. 7E. 7F. 7G. 7H and 71 are a 
flow sheet diagrammaticaily illustrating a process for 
producing a semiconductor substrate, carried out in 
Exarrple 2. 

Rg. 8 is a schematic cross-sectional view diagram- 
matically illustrating a CVD apparatus used in Example 
3. 

Rg. 9 is a schematic cross-sectional view diagram- 
matically illustrating a substrate holder for liquid phase 
growth used in Example 4. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As an embodiment of the present Invention, the 
process for producing a semiconductor substrate, which 
is used for solar cells, will be specifically described 
below with reference to Rgs. 1A to 1H. using a silicon 
wafer as an example of the first sut>strate. Impurities are 
incorporated into the surface portion of a crystal sub- 
strate. e.g.. a single CTystal silicon wafer 101 by thermal 



diffusion, ion implantation, or by mixing them when 
wafers are manufactured. Thus, at least a p'^-type (or 
n'^-type) layer 102 is formed on the wafer surface (see 
Fig. 1A). 

5 Next, the wafer surface on its side where the impu- 

rities have been incorporated is anodized in. e.g.. an HF 
(hydrofluoric acid) solution, whereby the surface and its 
vicinity are made porous to form a porous layer 1 03 (see 
Fig. IB). Then, on the surface of the porous layer 103 

10 and on the surface of the silicon wafer 101 on its side 
opposite to the porous layer, single crystal silicon layers 
104b and 104a are respectively grown by epitaxial 
growth in a liquid phase (see Fig. 1C). 

At this stage, when the wafer surface is made 

15 porous by anodization, the level of anodizing electrte 
currents may be changed from a low level to a high level 
during the treatment so that the porous layer can be 
previously provided with a density-gradient structure. 
This makes it easy for the single crystal silicon layer 

20 104b to be separated from the silicon wafer 101 at the 
part of the porous layer 103 after the epitaxial growth. 

On the silicon film (single crystal silicon layer) 104b 
formed on the porous layer 103. a p*-type (or n"*^-type) 
layer 105 is further formed. Thereafter, a second sub- 

25 strate 107 is bonded to the p*-type (or n*-type) layer 

105 via an adhesive or the like after a back electrode 

106 has been formed on the p*-type (or n*-type) layer 
105 or it is bonded to the p*-type (or n*-type) layer 105 
after the back electrode 106 has been formed on the 

30 second sut)strate 107 (see Fig. ID). 

Next, a physical force (e.g., a direct force such as 
mechanical force or an indirect force acting through 
some medium) is caused to act between this second 
substrate 107 and the silicon wafer 101 to divide the 

35 porous layer 1 03 up and down, so that the single crystal 
silicon layer 104b is separated from the silicon wafer 
101 and is transferred onto the second substrate 107 
(see Fig. IE). After it has been transferred, the porous 
layer 103b left on the surface of the single crystal silicon 

40 layer 104b is removed by etching, and thereafter a p*- 
type (or n*-type) layer 108 is formed, and a transparent 
rr*iductive layer 109 and a collector electrode 110 are 
further formed thereon to make up a solar cell (see Figs. 
IF and 1G). 

45 The silicon wafer 101 from which the second sub- 
strate has been separated is, after the porous layer 
103a left on its surface is removed and treated by etch- 
ing or the like (see Rg. 1 H). again used in the initial step 
(see Fig. 1 A). In this way. although the above steps (see 

so Figs. 1 A to 1 H) are repeated, the thickness of the silicon 
wafer 1 01 is kept constant because of the addition of the 
single crystal silicon layer 104a in a thickness. e.g.. cor- 
responding to the thickness lost in one process, and 
hence the silicon wafer 101 can be handled during the 

55 process with greater ease and can be effectively utilized 
to the last. 

The semiconductor layer grown on the silicon wafer 
(first substrate) 101 on its side opposite to the side on 
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which the porous layer 103a is present is successively 
replaced by the material constituting the first sut>strate. 
This nnay be cfissotved into a solvent after the silicon 
wafer has been used up, whereby it can be reused as a 
dissolution nnaterial for the liquid phase growth. 5 

Points or features of the process for producing the 
substrate for solar cells according to the present inven- 
tion will be described below in detail. First, the porous 
layer 103 will be detailed below, using a silicon wafer as 
an example of the first substrate 101 . 

In the anodization carried out to form the porous sil- 
icon layer 103, a hydrofluoric acid (hereinafter often 
"HF") solution is preferably used. A solution of hydro- 
chloric acid or sulfuric acid may also be used. When the 
hydrofluoric acid solution is used, the p'^-type (or n"^- 
type) layer 102 can be made porous at an HF concen- 
tration of 10% or more. Quantity of electric currents 
flowed at the time of anodization may be appropriately 
determined depending on the layer thickness of the 
porous layer 103, the surface state of the porous layer 
103 or the tike. Stated approximately, it is suitable for the 
electric currents to be in the range of from 1 mA/cm^ to 
100 mA/cm^. 

To the HF solution, an alcohol such as ethyl alcohol 
may be added, whereby air bubbles of reaction gases 
produced at the time of anodization can be removed 
instantaneously from the surface of the reaction system 
without stirring and the porous silicon (porous layer) can 
be formed uniformly and also in a good efficiency. 
Quantity of the alcohol to be added may be appropri- 
ately determined similarly depending on the HF concen- 
tration, the desired layer thickness of the porous layer or 
the surface state of the porous layer. Especially it must 
be so determined as not to result in an excessively low 
HF concentration. 

The single aystal silicon has a density of 2.33 
g/cm^, where the density of the porous silicon layer can 
be changed in the range of from 1.1 to 0.6 g/cm^, by 
changing the concentration of the HF solution in the 
range of from 50% to 20%. The porous layer may also 
be changed in its porosity by changing the electric cur- 
rerrts for the anodization. For example, the porosity 
increases with an increase in electric currents. 

Mechanical strength of the porous silicon may differ 
depending on the porosity, and is considered sufficiently 
weaker than that of bulk silicon. For example, when the 
porous silicon has a porosity of 50%, its mechanical 
strength may be considered half that of the bulk silicon. 
If a sufficient adhesion is imparted to the interface 
between the porous layer and the substrate when the 
substrate is bonded to the surface of the porous silicon, 
a corrpression force, a tensile force, a shear force or 
ultrasonic waves may be applied between the silicon 
wafer having the porous layer and the substrate, 
whereby the porous silicon layer can be broken. The 
porous layer can be broken at a weaker force when Ks 
porosity is inaeased. 

In usual instarK:es» in order to form the porous sili- 



con by anodization, positive holes are required for ano- 
dization reaction. Accordingly, p-type silicon in which 
positive holes are mainly present Is conventionally used 
to make it porous (T. Unagami. J. Electrochem. Soc., 
voi.127. p.476. 1980). On the other hand, it is also 
reported that silicon can be made porous so long as it is 
a low-resistance n-type silicon (R.P. Holmstromand, J.Y. 
Chi. Appl. Rhys. Lett., vol.42, p.386. 1983). Thus, the sil- 
icon can be made porous when a low-resistance silicon 
n-type is used without regard to p-type or n-type. The 
silicon can also be made porous selectively in accord- 
ance with its conductivity type. For example, as in 
FIFOS (Full Isolation by Porous Oxidized Silicon) proc- 
ess, the anodization may be carried out in the dark to 
make only the p-type layer porous. 

In the porous silicon obtained by anodizing the sin- 
gle crystal silicon, holes with a diameter of several nm 
or so are formed as can be observed using a transmis- 
sion electron microscope, and have a density which is 
half or less the density of the single crystal silicon. Nev- 
ertheless, its single-crystallinity is maintained, and 
hence the epitaxial layer can be grown on the porous sil- 
icon by heat-assisted CVD (Chemical Vapor Deposi- 
tion) or the like. 

The porous layer has vokfs in a large quantity which 
are formed in its interior, and hence the layer has dra- 
matically increased in its surface area compared with its 
volume, so that it can be chemically etched at a rate 
greatly higher than instances where usual single crystal 
layers are etched. Also, polycrystalline silicon may be 
used in place of the single crystal silicon, where the 
porous layer can be formed by anodization. The crystal 
silicon layer can be formed thereon by thermal CVD or 
the like. In this instance, it is possit)le to carry out partial 
epitaxial growth corresponding to the size of crystal 
grairis of the polycrystalline silicon. 

A liquid phase growth process and a vapor phase 
growth process which are usable for the formation of the 
thin film semiconductor layers (single crystal silicon 
layer) I04b and 104a will be described below. 

Fig. 2 is a correlation diagram used to explain the 
liquid phase growth, which is in a state thermally equili- 
brated between a solvent hA (e.g.. indium) and a solute 
S (e.g., silicon). Here, abscissa 501 indicates average 
concentration of the solute S in a solution, which shows 
that the solvent stands a pure solvent at the left end and 
the solute S stands increasing in concentration toward 
the right. Ordinate 502 indicates temperature of the 
solution, where the temperature becomes higher toward 
the top. The state of solution is roughly divided into two 
regions 504 and 505 along a curve 503 that forms a 
tx)undary. In the region 504 and, e.g., at P, the solute 8 
stands uniformly dissolved In the solvent M. and its con- 
centration is in agreement with the concentration indi- 
cated on the abscissa. 

In the region 505. the solute S has partly solidified 
to become deposited. For example, at Q. a solid S and 
a solution with a concentration Dq are present together. 
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Also, in a solution standing at RO on the curve 503. a 
substrate prepared using a material that does not dis- 
solve at this temperature is immersed, where, as the 
temperature of the solution is slowly lowered, the con- 
centration of the solute S in the solution decreases 
along the curve 503 to. e.g.. R1 . Then, the solute S cor- 
responding to the difference in concentration between 
RO and R1 Is deposited as a solid on the surface of the 
substrate. 

Espedally when the first substrate is crystalline, the 
solid S may also take over the aystallinity of the sub- 
strate to become crystalline. Such crystal growth is 
called epitaxial growth. Usually, when the material of the 
substrate is identical with the solid S. the epitaxial 
growth most readily takes place. However, even when 
they are heterogeneous, the epitaxial growth is possitrie 
(i.e., heteroepitaxial growth). Thus, the thin film semi- 
conductor layer can be grown on the surface of the crys- 
talline first substrate. 

In usual instances, the solution is brought into a just 
saturated state or in a slightly unsaturated state, where 
the first substrate is immersed therein arxj. after lapse 
of some time, the solution is adjusted over into a satu- 
rated state to start crystal growth. By doing so. any 
impurities or defects in the surface portion of the sub- 
strate are removed by the effect of thermal equilibrium, 
and a crystal with a high quat'tty can be grown with ease, 
as so considered. 

As for the vapor phase growth, thermal CVD. 
LPCVD (Low Pressure CVD). sputtering, plasma 
enhanced CVD and photo assisted CVD are available. 
As starting gases used here for the growth of single 
crystal silicon, they may typically include silanes such 
as Si2H2Cl2, SiCU, SiHCIg. SiH4. SigHe. SiH2F2 and 
Si2F6. and halogenated silanes. As a carrier gas or for 
the purpose of providing a reducing atmosphere for 
accelerating the crystal growth. H2 is added to the 
above starting gases. The proportion of the starting 
gases to the H2 may be appropriately determined 
depending on the growth process, the type of starting 
gases and also the growth conditions. Preferably, the 
both may be In a proportion of from 1 : 1 ,000 to 1 :10, and 
more preferably from 1 :800 to 1 :20 (ratio of flow rate). 

In the case where a compound semiconductor is 
formed. MOCVD (Metal Organic CVD) and MBE 
(Molecular Beam Epitaxy) are available. As starting 
gases used in such crystal growth, when, e.g.. OaAs is 
grown, Ga(CH3)3, AsHg, AI(CH3)3, etc. are used in the 
MOCVD. As to temperature at the time of growth, when 
silicon is grown by thermal CVD, the temperature may 
preferably be controlled to be approximately from 800**C 
to 1 .250*C. and more preferably from 850*C to 1 ,200*C. 
When GaAs is grown by MOCVD. the temperature may 
preferably be controlled to be from 650**C to 900°C. In 
the plasma enhanced CVD. the temperature may pref- 
erably be controlled to be from about aoo^'C to about 
600'C. and more preferably from 200"C to SOO'^C. 

Similarly, as to pressure, the vapor phase proc- 



esses other than the MBE may preferably be carried out 
at a pressure of approximately from 10'^ Torr to 760 
Tonr. and more preferably from 10"^ Torr to 760 Tonr. The 
process using MBE may preferat>{y be carried out at a 
5 pressure of 1 0'^ Torr or below, and more preferably 1 0*^ 
Tonr or below, as back pressure. 

(Experiment 1) 

10 Figs. 3A to 3F illustrate a productbn process. The 
present Experiment will be described below along this 
process. 

First, B (boron) was incorporated into the surface 
layer of a p-type single crystal silicon substrate 301 of 

75 800 ^m thick and 4 inches diagonal by thermal diffusion 
to form a surface layer 302 (see Rg. 3A). This single 
crystal substrate whose surface layer 302 had been 
made into p'^-type was anodized in an HF solution to 
form a porous layer 303 of about 10 \xm thick (see Fig. 

20 3B). 

Next, the p-type single crystal substrate 301 on 
which the porous layer 303 had been formed was 
annealed at a surface temperature of 1.050°C for 10 
minutes in an atmosphere of hydrogen, and thereafter 

25 immersed in a 900*^0 metal indium solvent into which 
silicon was melted until it was in a concentration high 
enough to become super-saturated, followed by slow 
cooling to form a silicon layer 304 in a thickness of 30 
^m. Here, in order for the silicon layer 304 to be formed 

30 only on the surface of the porous layer, two substrates 
were superposed in such a way that their back surfaces 
came in face-to-face contact, in the state of which they 
were fitted to a jig 305 so as to be covered with it except 
the necessary areas (see Fig. 3C). In this instance, the 

35 solution was not stirred in the course of growth. 

Next, the jig 305 was removed to separate the two 
substrates, and also, a tape 306 having a strong adhe- 
sion was stuck to the sut)strate 301 on its side where 
the silicon layer 304 was formed (see Fig. 3D). Then, a 

40 force was caused to act between the tape 306 and the 
single crystal silicon substrate 301 in the direction 
where t^«^y were pulled apart from each other, thus, 
they were separated at the part of the porous layer 303 
(see Rg. 3E). As the result a porous layer 303a was left 

45 on the substrate 301 and a porous layer 303b on the sil- 
icon layer 304. 

The porous layer 303a left on the single crystal sili- 
con from which the liquid phase grown film (silicon 
layer) 304 had been separated was removed. Here, only 

50 the porous silicon can be selectively removed by elec- 
troless wet-process chemical etching, using at least one 
of a conventional silicon etchant and selective etchants 
for p)orous silicon, i.e., hydrofluoric acid or a mixture of 
hydrofluoric acid and at least one of alcohol and hydro- 

55 gen peroxide solution added thereto, and buffered 
hydrofluoric acid or a mixture of buffered hydrofluoric 
add and at least one of alcohol and hydrogen peroxkJe 
solution added thereta In the present Experiment, a 
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mixture of hydrofluoric acid and hydrogen peroxide 
solution added thereto was used. 

As described above in detail, only the porous silicon 
can be etched away. When, however, its surface is too 
rough to have a tolerable surface flatness, the above 
treatment may optionally be followed by surface 
smoothing (see Rg. 3F). and thereafter the single crys- 
tal silicon sut)strate 301 is subjected to the step shown 
in Fig. 3A. 

In the experiment, the above process was repeat- 
edly carried out 50 times. At the time the 50-time opera- 
tions were completed, the single crystal substrate was 
in a thickness of about 290 ^m, and it became fairly dif- 
ficult to attach the jig at the time of liquid phase growth 
or to handle film separation. 

(Experiment 2) 

A substrate holder 401 as shown in Fig. 4 was pre- 
pared, having different distances between fixing por- 
tions. In the same manner as in Experiment 1 but after 
the single crystal silicon substrate 301 on which the 
porous layer 303 had been formed was set in each fix- 
ing portion 401a of the substrate holder, this was 
immersed in the indium solvent into which silicon was 
melted until it became super-saturated, followed by slow 
cooling, to can^y out liquid phase growth without stirring 
the solution in the course of growth. 

Fig. 5 shows the relationship between silicon layer 
thickness obtained after slow cooling for 20 minutes and 
mutual distance of substrates 301. Here, the thickness 
of a film having been deposited after slow cooling for 20 
minutes on the surface of porous layer 303 of a sub- 
strate set at a maximum mutual distance of 4 mm is 
assumed as 1, and the thickness of films deposited at 
other substrate distances is indicated as the former's 
ratio to the latter. 

As can be seen from this experiment, properly set- 
ting the distance between substrates mak^ it possible 
to grow silicon films with a variety of layer thickness in 
the course of liquid phase growth carried out once. This 
is presumably because, when the solution is not stirred, 
the layer thickness depends on the quantity of silicon in 
the solution present between substrates 301 . 

(Experiment 3) 

The procedure of Experiment 1 was repeated 100 
times on the like single crystal silicon substrate except 
that the silicon layer 304 was formed by the liquid phase 
growth not only on the porous layer 303 of the p-type 
single crystal silicon substrate 301 but also on its oppo- 
site side simultaneously. In the growth of silicon layers 
on the tx>th sides of the substrate, as shown in Fig. 6 the 
p-type single crystal silicon substrate 301 v^s set in 
each fixing portion of a substrate holder 401 prepared in 
accordance with the results in Experiment 2. As the 
result, the growth was controllable so as to be in a thick- 



ness of 30 ^im on the porous layer 303 and, on the 
opposite side, in a thickness of 10 ^m corresponding to 
the thickness lost in one process, so that it was possible 
to keep constant the thickness of each p-type single 

5 crystal silicon sibstrate 301 . Since the thickness of the 
p-type single crystal silicon substrate 301 was kept 
always constant as descried at>ove. the 100-time rep- 
etition of the process as shown in Figs. 3A to 3F did not 
cause any problem on handling, and enabled full utiliza- 

w tion of the p-type single crystal silicon substrate 301 . 

No prot^lem did not also occur in the Figs. 3A-3F 
process even after the liquid phase grown silicon was 
repeatedly superposed on the side opposite to the 
porous layer 303 side until the sut)strate 301 was com- 

15 pletely replaced. 

As can be seen from the above Experiments, in the 
present invention, the porous layer is formed on the sili- 
con substrate, the silicon layers are formed on both 
sides of the silicon substrate, and thereafter the silicon 

20 layer epitaxially grown on the porous layer 303 is sepa- 
rated from the silicon substrate. In this way. semicon- 
ductor substrates and also tiiin film crystal solar cells 
are produced. 

More specifically, the present invention is character- 
's ized in that the utilization of the epitaxial layer on the 
porous layer makes it possible to attain characteristics 
equivalent to tiiose of epitaxial layers directly formed on 
wafers, that the simultaneous growth of epitaxial layers 
on the botii sides of the silicon substrate makes it possi- 

30 ble to keep the substrate thickness constant and that 
substantially all the silicon substrate present from the 
beginning can be utilized to achieve an advantage of 
low cost. Moreover, in the present invention, compound 
semiconductor layers can also be formed on the porous 

35 layers and there is also an advantage that more highly 
efficient solar cells can be obtained. 

In the solar ceil according to the present invention, 
the surface of the semiconductor layer may be textured 
in order to lessen the reflection loss of incident light. In 

40 the case of silicon, hydrazine. NaOH or KOH is used 
therefor. Hills in the texture formed may preferably have 

... .. a height in the range of from se^^eral pm to tens of nm. 
How to form solar celts by working the process of 
the present invention will be described below in greater 

45 detail by giving Examples. 

(Example 1) 

The present Example shows how to form a solar 
50 cell by transferring a single crystal silicon layer to a poly- 
imide film according to the process shown in Figs. 7A to 
7G. 

First, using BCI3 as a thermal diffusion source and 
at a temperature of 1.200*'C. B (boron) was thermally 
55 diffused into the surface portion of a single crystal sili- 
con substrate 701 of 500 ^m thick to form a p*-type 
layer 702 of about 3 ^im thick (see Fig. 7A). Next, the 
surface of this substrate was anodized in an HF solution 
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under conditions shown In Table 1 , to form a porous sil- 
icon layer 703 on the substrate 701 (see Fig. 7B). 



Tablet 



Anodizing solution: 


HF:H20:C2H50H = 1:1:1 


Current density: 


SmA/cm^ 


Anodizing time: 


2.5 minutes 



Next, the silicon substrate 701 on which the porous 
layer 703 had been formed was set In each fixing por- 
tion of the same substrate holder 401 as used in Exper- 
iment 3, and was annealed at 1 ^OSO^'C for 1 5 minutes in 
an atmosphere of hydrogen, and thereafter the temper- 
ature was dropped to 894**C. At the same time, metal 
indium was dissolved at SOO^'C Inside a carbon boat, 
and potycrystalline silicon wafer was melted Irrto it while 
stin-ing the solution, until It became saturated. Thereaf- 
ter, the temperature of the solution was slowly dropped 
to the same 894''C as the silicon substrate 701 temper- 
ature, thus a solution for liquid phase growth was pre- 
pared. 

At the time the temperature of the solution came in 
agreement with that of the substrate, the solution was 
stopped being stirred, and each substrate was 
immersed in the solution together with the substrate 
holder 401. followed by slow cooling at a cooling rate of 
-1.0'C/min. Thus, thin film silicon layers 704b and 704a 
were grown in a thickness of 30 pm thick on the surface 
of each porous layer 703 and In a thickness of 10 ^m 
thick on the opposite side, respectively, and were there- 
after drawn up (see Rg. 7C). 

In a vapor phase growth chamber and by a vapor 
phase growth process making use of POCI3, each sub- 
strate thus drawn up was heat-treated at 1 ,200°C for 1 
hour to cause P (phosphorus) to diffuse in the vicinity of 
the surface of the silicon layer 704b on the porous layer 
703 to form an n*-type layer 705 (see Rg. 7D). Simulta- 
neously, because of the diffusion of B (t^oron) from the 
p'^-type porous layer 703. the vicinity of the porous layer 
of the silicon layer 704b was made into p^-type. Here, a 
jig for covering the opposite side was attached so that 
n'*'-type layer was formed only on the silicon layer on the 
porous layer side. 

Next, using Teflon-processed jigs 706 having 
minute absorption holes, as a provisional substrate, the 
silicon substrate 701 was fixed at its both sides by 
means of a vacuum chuck, and a force was caused to 
act on the porous layer 703 to separate them into two 
parts. As the result, residues 703a and 703b of the 
porous layer were left on the silicon substrate 701 and 
on the thin film silicon layer 704b. respectively. Instead 
of the jig 706, a tape as used In Experiment 1 may be 
used to fix the substrate at its both sides. 

The junction-formed, thin film silicon layer 705 was 
stuck to a stainless steel substrate 708 coated with an 



aluminum paste 707. through the porous layer residue 
703b. and then the vacuum chuck was set released 
(see Fig. 7F), followed by baking at 300*C. Thereafter, 
on the surface of the n*-type layer 705. a collector elec- 

5 trode 710 was printed using a copper paste, followed by 
baking at 500**C. Then, an ITO film 709 was deposited 
by means of a commercially available vacuum deposi- 
tion apparatus (see Fig. 7G). As for the silicon substrate 
701, after it was released from the vacuum chuck, its 

10 porous layer residue 703a was removed by etching (see 
Fig. 7H). and its surface was smoothened. Thereafter, 
using this substrate, the above process was repeated to 
produce substrates for solar cells. 

In this way. thirty solar cell substrates were pro- 

15 duced from one silicon substrate, but there was no 
change in the thickness of the silicon substrate on the 
whole, and also no problem on the process harxJIIng. I- 
V characteristics under irradiation by tight of AM 1.5 
(100 mW/cm^) were also measured. As a result, a pho- 

20 toelectric conversion efficiency of 1 4.8% on the average 
was achieved without any tendency of a decrease in the 
efficiency even with repetition of the process. 

(Example 2) 

25 

In the present Example, an instance is shown in 
which a silicon Jayer deposited by liquid phase growth 
on the side opposite to the porous layer 703 is used to 
dissolve silicon into a solution for liquid phase growth. 

30 On a single crystal silicon substrate with a thick- 
ness of BOO ^im, the Fig. 7A-7H process was carried out 
75 times in entirely the same manner as In Example 1. 
As a result, it was possible to substantially use up the 
initial substrate without any problem on the process 

35 handling. A silicon substrate residue (denoted by refer- 
ence numeral 701a) finally left as a result of the repeti- 
tion of the above process was removed by etching, and 
thereafter the silicon layer 704a deposited in the liquid 
phase was dissolved into the indium solvent in order to 

40 prepare the solution for liquid phase growth (see Rg. 
71). Using the solution thus prepared, the Fig. 7A-7H 
process we*"; ^^rried out 30 times on a new silicon sub- 
strate, where no problem occurred at all on the process 
handling. 

45 On the thirty (30) solar cells thus obtained. I-V char- 
acteristics under irradiation by light of AM 1.5 (100 
mW/cm^ were also evaluated. As a result, a photoelec- 
tric conversion efficiency of 14.5% on the average was 
achieved without any particular problem. 

50 

(Example 3) 

In the present Example, an instance is shown in 
which the semiconductor layer is deposited by vapor 
55 phase growth to form solar cells. In the present Exam- 
ple, the porous layer was formed in a thickness of 1 0 iim 
on a silicon substrate (wafer) in the same manner as in 
Example 1. and thereafter the silicon layer was formed 
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on the surface of the porous silicon layer by epitaxial 
growth using a CVD apparatus shown in Fig. 8. The fol- 
lowing will be described with reference to Fig. 8. 

First, silicon substrates 801 on the surfaces of 
which the porous layers had been formed were set on a s 
barrel 806 with their porous layer sides inward and were 
sealed in a chamber 802. The barrel was rotated in the 
direction of an anrow shown in Fig. 8, arxj simultane- 
ously hydrogen was flowed through gas introducing 
pipes 803 and 804 while heating with a heater 805 the io 
silicon substrates 801 set on the barrel, where the sili- 
con substrates 801 were annealed at 1,040''C for 10 
minutes. Incidentally the gas introducing pipe 803 com- 
municates with the outside of the barrel an6 the gas 
introducing pipe 804 communicates with the inside of is 
the barrel. Subsequently, films were formed under con- 
ditions shown in Table 2. frrcidentally the gas introduced 
into the chamber is forced out by the gas flowing in it. 
and is exhausted through an exhaust pipe 807. 



Table 2 



Ratio of gas flow rate: 




Barrel inside: 
Banrel outside: 

Substrate temperature: 

Pressure: 

Growth time: 


SiH2Cl2/H2 = 0.5/100 
SiHgCla/Hg = 0.5/300 
(lit/mln) 
1.050*»C 

normal pressure 
30 minutes 



Here, in the course of growth, B2H6 was added in a 3S 
trace quantity (1 ppm) to make the grown silicon layer 
into p-type. and also at the end of growth the quantity of 
B2H6 was increased (at>out hundreds of ppm) to form a 
p''-type layer. The film on the porous layer was in a 
thickness of about 30 pm. and that on the opposite side 40 
about 10 ^m. 

Next, on one side of a 50 ^im thick polyimide film. a. 
copper paste was applied in a thickness of 20 jim by 
screen printing, and, with this side in contact, the film 
was bonded to a p'*'-type silicon layer surface of each sil- 45 
icon substrate. In this state, the substrate with the film 
was put in an oven, and the copper paste was baked 
under conditions of 400*^0 and 20 minutes to thereby 
fasten the polyimide film to the substrate. 

After the substrate was kept fixed with a vacuum so 
chuck on its side where no film was bonded, a force was 
caused to act from one end of the polyimide film on the 
fastened polyimide film and the substrate to carry out 
peeling. Thus, silicon layer was peeled from the sub- 
strate and was transferred onto the polyimide film. ss 

The porous layer left on the silicon layer of the poly- 
imide film peeled from the silicon si^strate was selec- 
tively etched using a mixture solution of hydrofluoric 



add. hydrogen peroxide solution and pure water with 
stirring. As the result, the silicon layer was little etched 
to remain and only the porous layer was completely 
removed. 

In the case of non-porous silicon single crystals, the 
above etching solution has so extremely a low etching 
rate thereon that its selection ratio to the etching rate on 
the porous layer reaches as great as 105 or more. Thus, 
the quantity of etching (about tens of angstroms) in the 
non-porous silicon single crystals is a quantity of the 
loss of layer thickness that is negligible in practical use. 

The surface of the silicon layer on the resultant 
polyimide film was etched with a hydrofluoric acid/hitric 
acid type etchant to make it dean. Thereafter, an n-type 
pc-Si (microcrystalline silicon) layer was deposited on 
the silicon layer in a thickness of 200 angstroms by 
means of a conventional plasma enhanced CVD appa- 
ratus under conditions shown in Tat)le 3. 



Table 3 



Ratio of gas f bw rate: 


SiH4/H2 = 1 cc/2 cc 




PM3/SiH4 = 2.0x 10"^ 


Substrate temperature: 


250**C 


Pressure: 


0.5 Torr 


Discharge power: 


20 W 



Rnally. on the ^c-Si layer, a transparent conductive 
film (80 nm) formed of ITO and a collector electrode 
(Ti/Pd/Ag: 400 nm/200 nm/l ^im) were formed to make 
up a solar cell. 

The porous layer left on each silicon substrate after 
peeling was also removed by etching in the same man- 
ner as the above to make a smooth surface. Using 
regenerated substrates thus obtained, the above proc- 
ess was repeated 100 times. Any particular problem did 
not occur on the process handling. I-V characteristics 
under irradiation by light of AM 1.5 (100 mW/cm^) were 
measured on the thin film single crystal silicon solar 
cells thus obtained on polyimide. As a result, the solar 
cells showed a photoelectric conversion efficiency of 
15.5% on the average. 

(Example 4) 

In the present Example, an n-type layer was depos- 
ited on the porous layer by vapor phase growth and 
thereafter an adive silicon layer was formed by liquid 
phase growth to form a solar cell. 

First, on each of three single crystal silicon sub- 
strates of 500 ^m thick, a porous layer of 10 |im thick 
was formed in the same manner as in Example 1. On 
the surface of the porous silicon layer, an n*-type silicon 
layer was deposited in a thickness of 1 pm by epitaxial 
growth using a conventional thermal CVD under condi- 
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tions shown in Table 4. 



Table 4 



Ratio of gas flow rate: 


SIH4/H2 = 1 cc/20 cc 




PH3/SIH4 = 2.0x10*^ 


Substrate temperature: 


250<^C 


Pressure: 


0.5 Torr 


Discharge power: 


20 W 



Next, a solution for liquid phase growth was pre- 
pared In the same manner as in Example 1. The silicon 
substrates 902 on which the n'^-type layer had been 
formed were set on fixing portions of a substrate holder 
901 as shown in Fig. 9, and silicon layers were grown in 
the following way: At the outset, only the surface of each 
substrate on its porous layer side was immersed in the 
liquid phase growth solution to make the silicon layer 
grow in a thickness of 1 0 ^m. Thereafter, a draw rod 903 
of the substrate holder was operated to immerse the 
both sides of each substrate in the solution, so that sili- 
con layers were grown simultaneously on the both sides 
in a thickness of 10 iim. Namely, the silicon layer was 
deposited in a thickness of 20 urn on the surface of each 
porous layer and in a thickness of 1 0 ^m on the opposite 
side, and then the resultant substrate was drawn up. 
Thus, when the layer thickness of the semiconductor 
layer is represented by E and the layer thickness of the 
porous layer by P, the silicon layers may be grown on the 
both sides after a silicon layer has been formed only on 
the porous layer in a thickness of E minus P (E - P). 

Then, a stainless steel sut)strate coated with an 
aluminum paste 707 by printing was stuck to the silicon 
layer on the porous layer in close contact with it. In this 
state, these were put in an oven and were baked at 
400°C to simultaneously diffuse Al into the sificon layer 
to form a p-type layer. Thereafter, these were divided at 
the part of the porous layer to separate the silicon sub- 
strate from the stainless steel substrate. 

After the porous residue left on the stainless steel 
substrate was removed, a collector electrode was 
printed on its surface using a silver paste, and a spray 45 
solution of TiO(N02)2 was coated thereon, followed by 
baking at 400**C to form a TiOa film of about 900 ang- 
stroms thick. As for the other silicon substrate, the 
porous residue left thereon was removed by etching to 
make a smooth surfece. Thereafter, the process was so 
repeated 100 times. 

Thus, the process was repeated 100 times on each 
of the three single crystal silicon substrates. As a resuft. 
any problem did not occur on the process handling. I-V 
characteristics under irradiation by light of AM 1 .5 were 55 
also evaluated on three hundred (300) solar cells. As a 
result, the solar cells showed a photoelectric conversion 
efficiency of 15.4% on the average. 



(Example 5) 

In the present Example, on one side of a single 
crystal silicon substrate of 500 pm thick, a porous layer 
of 5 ^m thick was formed in the same manner as in 
Example 1. On the surface of each porous silicon layer, 
a silicon layer was formed by liquid phase growth in the 
same manner as in Example 1 except that two single 
aystal silicon substrates were put together at their sur- 
faces opposite to the porous layer skies and were fixed 
with a jig in the same manner as in Experiment 1 . to 
make up solar cells. This process was carried out five 
times on the same silicon substrate, and then, at the 
time of the sixth-time liquid phase growth, the sub- 
strates were set on a holder having an equal substrate 
distance, where the silicon layer was simultaneously 
grown on both sides of each sutjstrate in a thickness of 
30 ^im. 

More specifically, the layer thickness of the silicon 
substrate that decreased in one process (layer thick- 
ness of porous layer: P) was 5 pm. whereas the layer 
thickness E of the semiconductor layer deposited by liq- 
uid phase growth was 30 ^m, and hence silicon layers 
of equally 30 ^m thick were grown on the both sides 
only once in six times (30/5 = 6). Thus, it was possible 
to keep constant the layer thickness of the substrate. In 
this way. setting six processes as one cyde, the process 
was carried out on each of the two silicon substrates by 
100 cycles to obtain one thousand two hundred (1 ,200) 
solar cells. Here, if E can not be divided by P, the same 
effect can be obtained also by growing the silicon layers 
on the both sides only once in the nunnber of times given 
by rounding off the value of E/P. 

From these solar cells, initial fifty (50) sheets and 
the last fifty (50) sheets were picked up for each sub- 
strate, and I-V characteristics under irradiation by light 
of AM 1 .5 were also evaluated on these. As a result the 
solar cells showed a photoelectrk: conversion efficiency 
of 14.9% on the average, without regard to the number 
of process times. 

As having been described above, the present 
invention, in which semiconductor layers with good 
characteristics are formed on inexpensive substrates 
(the first substrate), can provide inexpensive semicon- 
ductor substrates and furthermore can provide inexpen- 
sive solar cells. Also, since the first substrate is 
regenerated and repeatedly used after the second sub- 
strate or provisional substrate is peeled from the first 
substrate, the present invention can make good use of 
materials for their full utilization. As the result, inexpen- 
sive semiconductor substrates and solar cells can be 
manufactured and can be supplied to the market. 

A process for producing a semiconductor substrate 
is provided which comprises a first step of anodizing a 
surface of a first substrate to form a porous layer on the 
surface, a second step of simultaneously fonming a 
semiconductor layer on the surface of the porous layer 
and a semiconductor layer on a surface of the first sub- 
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strate on its side opposite to the porous layer side, a 
third step of bonding the surface of the semiconductor 
layer formed on the surface of the porous layer, to a sur- 
face of a second substrate, and a fourth step of separat- 
ing the first substrate and the second substrate at the 5 
part of the porous layer to transfer to the second sub- 
strate the semiconductor layer formed on the surface of 
the porous layer, thereby providing the semiconductor 
layer on the surface of the second substrate. This 
makes it possible to produce semiconductor sut^strates w 
at a low cost while making good use of expensive sub- 
strate materials. 

Claims 

15 

1 . A process for producing a semiconductor substrate, 
comprising the steps of: 

a first step of anodizing a surface of a first sub- 
strate to form a porous layer on the surface; 20 
a second step of simultaneously forming a 
semiconductor layer on the surface of the 
porous layer and a semiconductor layer on a 
surface of the first substrate on its side oppo- 
site to the porous layer side; 25 
a third step of bonding the surface of the semi- 
conductor layer formed on the surface of the 
porous layer, to a surface of a second sub- 
strate; and 

a fourth step of separating the first substrate 30 
and the second substrate at the part of the 
porous layer to transfer to the second substrate 
the semiconductor layer formed on the surface 
of the porous layer, thereby providing the sem- 
iconductor layer on the surface of the second 3S 
substrate. 

2. The process according to claim 1, which further 
comprises, after the fourth step, a fifth step of 
removing a residue of the porous layer, left on the 4o 
surface of the first substrate as a result of the sepa- 
ration; the fifth step being followed by the first step 

to repeat the first to fifth steps to form semiconduc- 
tor layers on the surfaces of a plurality of second 
substrates by use of the same first substrate. 45 

3. The process according to claim 1, wherein in the 
second step a layer thickness of the semiconductor 
layer is controlled. 

so 

4. The process according to daim 3. wherein in the 
second step, when the layer thickness of the semi- 
conductor layer formed on the surface of the porous 
layer is represented by E and the layer thickness of 
the porous layer by P. the semiconductor layers are ss 
simultaneously formed on the surface of the semi- 
conductor layer and on the surface of the first sub- 
strate on its side opposite to the porous layer side 



after a semiconductor layer has been formed only 
on the porous layer in a thickness of E - P. 

5. The process according to claim 3, wherein in the 
second step the semiconductor layer is formed in a 
liquid phase. 

6. The process according to claim 5. wherein a plural- 
ity of first substrates are disposed in a liquid, appro- 
priately setting mutual distances thereof, thereby 
controlling the layer thickness of the semiconductor 
layer formed on the surface of the porous layer and 
the layer thickness of the semiconductor layer 
formed on the surface of the first substrate on its 
side opposite to the porous layer side. 

7. The process according to claim 2, wherein, after the 
first to fifth steps have been repeated, the semicon- 
ductor layers formed a plurality of times on the sur- 
face of the first substrate on its side opposite to the 
porous layer side are dissolved into a solvent so as 
to be reused. 

8. The process according to claim 3, wherein in the 
second step the semiconductor layer is formed in a 
vapor phase. 

9. The process according to claim 8, wherein in the 
second step a starting gas brought into contact with 
the surface of the porous layer and a starting gas 
brought into contact with the surface of the first sut>- 
strate on its side opposite to the porous layer side 
are made different, thereby making different the 
layer thickness of the semiconductor layer formed 
on the surface of the porous layer and the layer 
thickness of the semiconductor layer formed on the 
surface of the first substrate on its side opposite to 
the porous layer side. 

1 0. A process for producing a semiconductor suk^trate. 

comprising: 

a first routine comprising a first step of anodiz- 
ing a surface of a first substrate to form a 
porous layer on the surface; a second step of 
simultaneously forming a semiconductor layer 
on the surface of the porous layer and a semi- 
conductor layer on a surface of the first sub- 
strate on its side opposite to the porous layer 
side; a third step of bonding the surface of the 
semiconductor layer formed on the surface of 
the porous layer, to a surface of a second sub- 
strate; a fourth step of separating the first sub- 
strate and the second substrate at the part of 
the porous layer to transfer to the second sub- 
strate the semiconductor layer formed on the 
surfece of the porous layer; and a fifth step of 
removing a residue of the porous layer, left on 
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the surface of the first substrate as a result of 
the separation; and 

a second routine comprising a first step of ano- 
dizing a surface of a first substrate to form a 
porous layer on the surface; a second step of s 
forming a semiconductor layer only on the sur- 
foce of the porous layer; a third step of bonding 
the surface of the semiconductor layer formed 
on the surface of the porous layer, to a surface 
of a second substrate; a fourth step of separat- 10 
Ing the first substrate and the second substrate 
at the part of the porous layer to transfer to the 
second substrate the semiconductor layer 
formed on the surface of the porous layer; and 
a f ifth step of removing a residue of the porous is 
layer left on the surfoce of the first substrate as 
a result of the separation; 
the first and second routines being repeated at 
least once to provide the semiconductor layers 
on the surfaces of a plurality of second sub- so 
strates by use of the same first substrate. 

11. The process according to claim 10, wherein in the 
second step, when the layer thickness of the semi- 
conductor layer formed on the surface of the porous 2S 
layer is represented by E and the layer thickness of 

the porous layer by R the ratio of the number of 
times to carry out the first routine to the number of 
times to carry out the second routine is so control- 
led as to be P:(E - P). 30 

1 2. A process for producing a semiconductor substrate, 
comprising the steps of: 

a first step of anocfizing a surface of a first sub- 3S 
strate to form a porous layer on the surface; 
a second step of simultaneously forming a 
semiconductor layer on the surface of the 
porous layer and a semiconductor layer on a 
surface of the first substrate on its side oppo* 40 
site to the porous layer side; 
a third step of fixing the surface of the semicon- 
ductor layer formed on the surface of the 
porous layer and a surface of a provtsionsU sub- 
strate; 45 
a fourth step of separating the first substrate 
and the semiconductor layer formed on the sur- 
feice of the porous layer at the part of the 
porous layer to make the provisional substrate 
hold the semiconductor layer formed on the so 
surface of the porous layer; and 
a fifth step of transferring from the provisional 
substrate to a second substrate the semicon- 
ductor layer held on the provisional substrate. 

thereby providing the semiconductor l^er on ss 

the surface of the second substrate. 

13. The process according to claim 12. which further 



comprises, after the fifth step, a sixth step of remov- 
ing a residue of the porous layer, left on the surface 
of the first substrate as a result of the separation; 
the sixth step being followed by the first step to 
repeat the first to sixth steps to form semiconductor 
layers on the surfaces of a plurality of second sub- 
strates by use of the same first substrate. 

14. The process according to claim 12, wherein in the 
second step the layer thickness of the semiconduc- 
tor layer is controlled. 

15. The process according to claim 14. wherein in the 
second step, when the layer thickness of the semi- 
conductor layer formed on the surface of the porous 
layer is represented by E and the layer thickness of 
the porous layer by P. the semiconductor layers are 
simultaneously formed on the surface of the semi- 
conductor layer and on the surface of the first sub- 
strate on its side opposite to the porous layer skJe 
after a semiconductor layer has been formed only 
on the porous layer in a thickness of E - P. 

16. The process according to claim 14, wherein in the 
second step the semiconductor layer is formed in a 
liquid phase. 

17. The process according to claim 16. wherein a plu- 
rality of first substrates are disposed in a liquid, 
appropriately setting mutual distances thereof, 
thereby controlling the layer thickness of the semi- 
conductor layer formed on the surface of the porous 
layer and the layer thickness of the semiconductor 
layer formed on the surface of the first substrate on 
its side opposite to the porous layer side. 

18. The process according to claim 13, wherein, after 
the first to sixth steps have been repeated, the sem- 
iconductor layers formed a plurality of times on the 
surface of the first substrate on its side opposite to 
the porous layer side are dissolved into a solvent so 
as to be reused. 

19. The process according to claim 14, wherein in the 
second step the semiconductor layer is formed in a 
vapor phase. 

20. The process according to claim 19. wherein in the 
second step a starting gas brought into contact with 
the surface of the porous layer and a starting gas 
brought into contact with the surface of the first suk>- 
strate on its side opposite to the porous layer side 
are made different, thereby making different the 
layer thickness of the semiconductor layer formed 
on the surface of the porous layer and the layer 
thickness of the semiconductor layer formed on the 
surface of the first substrate on its side opposite to 
the porous layer side. 
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21 . A process for producing a semiconductor substrate, 
comprising: 

a first routine comprising a first step of anodiz- 
ing a surface of a first substrate to form a s 
porous layer on the surface; a second step of 
simultaneously forming a semiconductor layer 
on the surface of the porous iayer and a semi- 
conductor layer on a surface of the first sub- 
strate on its side opposite to the porous layer 10 
side; a third step of fixing the surface of the 
semiconductor layer formed on the surface of 
the porous layer and a surface of a provisional 
sut)strate; a fourth step of separating the first 
substrate and the semiconductor layer formed is 
on the surface of the porous layer at the part of 
the porous layer to make the provisional sub- 
strate hold the semiconductor layer formed on 
the surface of the porous layer; a fifth step of 
transferring from the provisional substrate to a 20 
second sut>strate the semiconductor layer held 
on the provisional substrate; and a sixth step of 
removing a residue of the porous layer, left on 
the surface of the first substrate as a result of 
the separation; and 2S 
a second routine comprising a first step of ano- 
dizing a surface of a first substrate to form a 
porous layer on the surface; a second step of 
forming a semiconductor layer only on the sur- 
face of the porous layer; a third step of fixing 30 
the surface of the semiconductor layer formed 
on the surface of the porous layer and a surface 
of a provisional substrate; a fourth step of sep- 
arating the first substrate and the semiconduc- 
tor layer formed on the surface of the porous 35 
layer at the part of the porous layer to make the 
provisional substrate hold the semiconductor 
layer formed on the surface of the porous layer; 
a fifth step of transferring from the provisional 
sul>strate to a second substrate the semicon- 40 
ductor layer held on the provisional substrate; 
ar'^ ^ sixth step of removing a residue of the 
porous layer, left on the surface of the first sub- 
strate as a result of the separation; 
the first and second routines being repeated at 4S 
least once to provide the semiconductor layers 
on the surfaces of a plurality of second sub- 
strates by use of the same first substrate. 

22. The process according to claim 21, wherein in the so 
second step, when the layer thickness of the semi- 
conductor layer formed on the surface of the porous 
layer is represented by E and the layer thickness of 
the porous layer by R the ratio of the number of 
times to carry out the first routine to the number of ss 
times to carry out the second routine is so control- 
led as to be P:(E-P). 
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(54) Process for producing semiconductor substrate 

(57) A process for producing a semiconductor sub- 
strate Is provided which conprises a first step of anodiz- 
ing a surface of a first substrate (1 01) to form a porous 
layer (103) on the surface, a second step of simultane- 
ously forming a semiconductor layer (1 04a. 1 04b) on the 
surface of the porous layer (103) and a semiconductor 
layer on a surface of the first substrate on its side oppo- 
site to the porous layer side, a third step of bonding the 
surface of the semiconductor layer (104b) formed on the 
surface of the porois layer (103). to a surface of a sec- 
ond substrate (107). and a fourth step of separating the 
first substrate (101) and the second substrate (107) at 
the part of the porous layer (103) to transfer to the sec- 
ond substrate (107) the semiconductor layer (104b) 
formed on the surface of the porous layer (103), thereby 
providing the semiconductor layer (104b) on the surtece 
of the second substrate (107). 
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